A 3 × 3 factorial experiment (4 pens/treatment, 10 birds/pen) was conducted with 3 levels of supplemental taurine (Tau) (0.0, 0.25 and 0.50%) and 3 levels of dissected bile acid (DBA): 0.0, 0.25 and 0.50% of the diet were arranged in a completely randomized design. Isocaloric and isonitrogenous starter and grower diets were fed ad libitum to chickens from 7 -21 and 22 -42 d, respectively. The measured parameters were body weight gain (BWG), feed intake (FI), feed conversion ratio (FCR), fat digestibility, serum cholesterol (Chol), triglyceride (TG), high-density lipoprotein (HDL), and low-density lipoprotein (HDL). The supplementation of Tau had no effect on FI, BWG and FCR for all periods. Moreover, BWG and FCR were a function of the DBA level in the diet for the finisher and the cumulative periods; birds which received the highest level of DBA (0.50%) had the highest BWG and the best FCR as compared to 0.0 and 0.25%. Fat digestibility was significantly improved by Tau and DBA supplementation. DBA and Tau supplementation had increased serum components at 21 and 42 d of age. The supplementation of Tau or DBA in the diets did not affect carcass parameters at 42 d of age. However, a linear reduction on the small intestinal weight was observed as a result of DBA supplementation. Supplementation of the diets with Tau significantly increased bursa weights. The results of this study indicated that Tau had limited impact on performance, while the supplementation of DBA at 0.50% had the best improvements in performance and blood characteristics and this could be explained in part by its positive effect on fat digestibility.
Introduction
Taurine is an amino acid that is synthesized from methionine and is one of the end products of sulfur metabolism (Tufft & Jensen, 1992) . Taurine has many functions in the body such as neuromodulator, antioxidation, immunomodulator, and plays an important role in cardiac and brain functions. Taurine exists in the small intestine at high concentrations where it plays a significant role in the intestinal functions such as in bile acid conjugation such as cholic or chenodeoxycholic acid in the liver (Huang et al., 2014a) . Bile acids are synthesized from cholesterol and conjugated to either glycine or taurine in the pericentral hepatocytes of the liver, stored and concentrated in the gallbladder, and released into the duodenum where they play a significant role in enhancing fat digestion thorough bile salt micellar solubilization of fats and subsequently increasing absorption (Begley et al., 2005; Reshetnyak, 2013) .
In poultry nutrition, the value of the various fat sources depends on fatty acids profile, energy contents, digestibility and absorption. Digestion of fat is influenced by many factors, such as bile secretion and dietary fat sources (Preston et al., 2001; Abudabos, 2014) . On the other hand, secretion of bile salts, which is required for normal emulsification and micelle formation in the intestine, is influenced by quantity and quality of dietary fat and other emulsifiers. Several studies have shown that low concentration of bile salt secretion and activity of pancreatic lipase in young chicks appears to be the first limiting factors for lipid digestion in the first three weeks of post hatch. Therefore, several attempts have been made to improve fat digestion in poultry, especially at young ages. For example, Azman et al. (2005) reported that supplementary cholic acid to a diet containing mixture of palmitic and oleic acids resulted in better performance of broilers as a result of metabolizable energy (ME) improvement. Maisonnier et al. (2003) reported that the addition of bile salts to broiler diets did not affect the small intestinal supernatant viscosity, but an improvement in weight gain was observed. Parsaie et al. (2007) demonstrated that the supplementation of bile acid to wheat-based diets improved body weight gain and feed consumption of broiler chickens. Reinhart et al. (1988) also reported that the performance of weaned pigs increased significantly as inclusion of bile salt in the diet was increased. In our previous studies, it was shown that dietary desiccated ox bile can be used as a natural nonnutrient additive to improve tallow digestibility in broilers and performance in general through stimulation of morphological maturation of gastrointestinal tract (Alzawqari et al., 2010; Alzawqari et al., 2011) .
The present study therefore aims at investigating the effects of various concentrations of Taurine (Tau) and desiccated bile acid (DBA) and their interactions on performance, fat digestibility, blood chemistry, ileal digesta viscosity, and carcass characteristics of male broiler chickens fed diets supplemented with saturated fats.
Materials and Methods
The DBA product which was used at this trial was prepared from fresh bile acid which was collected from the gall bladder of oxen at a local slaughterhouse. Thereafter, homogenates of bile acids were filtered through a coarse nylon mesh, concentrated and dried under a high vacuum at low temperature, and immediately stored at -20 o C to prevent decomposition (Irvin et al., 1939; Coleman et al., 1979) . Colour and some typical analysis characteristics of DBA after processing are shown in Table 1 . DBA was checked to be free from contamination such as E. coli and Salmonella spp. A total of 360 day-old chicks (Ross 308) were randomly divided into 36 floor pens and received 9 treatments (4 replicates per treatment) under a completely randomized design. A factorial arrangement of 3 levels of taurine (Tau) (0.0 (control), 0.25 and 0.50%) and 3 levels of desiccated bile acid (DBA) (0.0 (control), 0.25, and 0.50%) were used in the trial. The experimental diets were given to chickens for starter (7 -21 d) and grower (22 -42 d) periods in mashed form (Table 2 ). Feed and water were provided ad libitum and a 23 h light schedule was maintained throughout.
Body weight gain (BWG) and feed intake (FI) of each pen was measured at the end of each period and feed conversion ratio (FCR) was calculated for the periods 7 -21 and 22 -42 d of age and for the cumulative period (7 -42 d). Mortality was checked daily and weights of dead birds were used to adjust FCR (mortality-corrected FCR). The chromic oxide marker method of Scott et al. (1976) was used to measure fat digestibility. Chromic oxide was supplemented to the diets at a rate of 3 g/kg and digestibility was determined at 21 and 42 d of age. Chromic oxide-marked feeds were fed to four pens of chickens per treatment for an adaptation period and then excreta were collected for 3 days (days 19 -21 and 40 -42) . Contaminants such as feathers and scales were carefully removed and then excreta were stored at -20 o C for further analyses. Fat contents (ether extract) of the diet and excreta samples were determined using Soxhlet extraction (Soxtec System HT 1043 Extraction unit, Foss Corporation, Sweden) according to the standard procedures (AOAC, 2006) . Chromic oxide was determined using the method of Fenton & Fenton (1979) . The following equation was used for calculation of percent retention: % fat digestibility = 100 -[(Diet Cr 2 O 3 /Fecal Cr 2 O 3 ) x (Fecal fat/diet fat)] x 100 (Scott et al., 1976) .
On days 21 and 42, 4 birds per treatment were randomly selected and blood samples were withdrawn from the wing vein; serum was obtained and stored at -20 °C. At the time of analysis, serum samples were thawed and serum cholesterol (Chol), triglyceride (TG), high density lipoprotein (HDL) and low density lipoprotein (LDL) were determined using an autoanalyzer (Autolab, BT 3500, Autoanalyzaer Medical System, Italy). At 21 and 42 d of age, 4 birds per treatment were randomly selected, weighed and euthanized by cervical dislocation. The ileum (midway between Meckel's diverticulum and the ileo-cecal junction) was dissected aseptically and the digesta contents were collected and pooled by replicate as described by (Lazaro et al., 2004) . The digesta was homogenized and 2 tubes were filled (1.5 g of sample) and centrifuged (12,000 × g for 3 min). The viscosity (in centipoises, cP) of a 0.5 ml aliquot obtained from the supernatant solution was determined at 21 and 42 d of age with a Brookfield digital viscometer (model DV-II, Brookfield Engineering Laboratories Inc., Stoughton, MA 02072, USA) at 37 °C.
At 42 d of age, one bird per replicate were randomly chosen, based on the average weight of the group and euthanized by cervical dislocation. Feather, heads and shanks were removed, and the remaining carcasses were dissected. Carcass yield was calculated by dividing the eviscerated weight by live weight. Empty small intestine, abdominal fat, bursa, spleen, and liver were removed, weighed, and the percentage of each part was calculated based on live body weight. Additionally, the length of the small intestinal was measured.
All data were analyzed using the General Linear Model procedure of the Statistical Analysis System (SAS, 2004) as a 3 × 3 factorial arrangement of treatments that included dietary supplementation of Tau (3 levels) and DBA (3 levels), and their respective interactions. Tukey's test was applied to compare the treatment means when the treatment effect was significant at a P <0.05 statistical level.
Results and Discussion
The effects of Tau, DBA supplementation and their interaction on BWG, FI and FCR are given in Table  3 . The supplementation of Tau to broiler diets did not affect FI, BWG and FCR for the periods 7 -21, 22 -42 and 7 -42 days of age. Previous studies have shown either a momentary improvement or no improvement in performance as a result of Tau supplementation to broiler's diet. In agreement with our results, Blair et al. (1991) found that Tau supplementation of 0.025, 0.05 or 0.10% to the diet had no effect on growth of male broiler chicks (P >0.05). The same result was found in a study of Tufft & Jensen (1992) who reported no differences in growth performance of broiler chickens or turkeys fed Tau. Recently, Huang et al. (2014b) reported that Tau supplementation at a rate of 0, 0.0125, 0.05, 0.20 or 0.80 % Tau from 1 to 42 d of age had no positive effects on performance of broilers. However, Divakaran (2006) found that 0.1% Tau added to a soybean meal and glucose diet resulted in a temporary improvement in growth only in the early weeks of life. Campbell & Classen (1989) reported a decrease in feed to gain ratio in male broiler chickens that received Tau from 3 to 6 weeks, but no effect during 0 to 3 weeks they also reported no effect of Tau on body weight at 3 or 6 weeks of age.
In the present study, the supplementation of DBA to broiler diets had no significant effects on FI, BWG and FCR during the starter period (7 -21d). A significant interaction between Tau and DBA was observed for the FI of broilers during 22 -42d of age. However for the grower period (22 -42 d) and the cumulative period (7-42 d), birds which received 0.25 and 0.50% DBA had higher FI than those which received 0.0% (P <0.001). Moreover, for the finisher and the cumulative periods, BWG and FCR were a function of the DBA level in the diet. Birds which received the highest level of DBA (0.50%) had the highest BWG and the best FCR as compared to 0.0 and 0.25% (P <0.01), while birds which received 0.25% DBA had better BWG and FCR than those which received 0.0% (P <0.01). Similarly, Parsaie et al. (2007) reported a significant increase in FI and BWG of broilers fed a diet supplemented with bile acid when compared to the control group. Maisonnier et al. (2003) reported that the addition of bile salts to broiler diets increased weight gain. The significant improvement observed in BWG and FCR of DBA supplemented diets during the finisher and cumulative periods could be related to higher fat digestion as a result of DBA supplementation which was observed in this trial. The interaction between DBA and Tau was not significant for BWG and FCR during all periods which could indicate the lack of synergism between DBA and Tau. The effect of different levels of Tau and DBA on fat digestibility is presented in Table 4 . Fat digestibility was significantly affected by Tau and DBA supplementation and their interaction (P <0.05). At 22 d, birds which received 0.25 or 0.50% Tau had higher fat digestibility those which received 0.0% (P <0.01). At 42 d, birds which received 0.5% Tau had higher fat digestibility than those which had 0.0%, while those that received 0.25% were intermediate (P <0.05). On the other hand, increased DBA level in the diet caused increased fat digestibility at 21 and 42 days in a linear way (P <0.001). The interaction between DBA and Tau was significant for fat digestibility at 21 and 42 d. At 21 d, the highest digestibility was achieved when 0.5% Tau and 0.5% DBA were used but it was not different when 0.25 and 0.50%, or 0.25 and 0.25%, or 0.0 and 0.25% of Tau and DBA were used, respectively. At 42 d, the highest digestibility was achieved when 0.50% Tau and 0.50% DBA were used but it was not different when 0.50 and 0.25%, or 0.25 and 0.5% of Tau and DBA were used, respectively. The fat digestibilities were inconsistent across the levels of Tau and DBA that were used and this inconsistency created the significant interaction. Similar responses were obtained by Zeng et al. (2011) , who reported that an addition of 0.15% Tau increased crude fat digestibility. Previous studies showed that the major effect of Tau seems to be on the improvement of absorption of saturated fatty acids (Noy & Sklan, 2001 ). According to Haslewood (1967) , Tau plays a well-recognized role in fat digestion when it conjugates with bile acids, such as cholic acid or chenodeoxycholic acid, in the liver. It has also been reported that taurocholate is a more efficient bile acid in fat absorption, because taurine-conjugated bile acids are better emulsifiers of fat than glycine-conjugated bile acids (Chesney et al., 1998) .
The supplementation of bile salt to broiler diets improved fat digestibility (P <0.001). It has been proposed that the improvement in fat digestibility by addition of bile salt may be due to deficient bile salt secretion by the animal or renewal of the active catabolism of bile salts by the intestinal microflora (Adrizal et al., 2002; Maisonnier et al., 2003) . Other researchers proposed another advantage of dietary bile salt in enhancing the digestibility of saturated fatty acids with long chains (Gomez & Polin, 1976; Kocsar et al., 1969) . Generally, the improvement of digestibility coefficients by supplementing emulsifier to the diet occurs because non-fat nutrients become less protected by fat droplets and henceforth more available for digestive enzymes. The improvement in performance reported in this trial could be explained by the fact that the detergent property of bile converses potent antimicrobial activity and defense mechanism of the microorganism against bacterial endotoxins (Begley et al., 2005) . Young et al. (1963) validated that addition of antibiotics to chick's diets appeared to increase their fat utilization by reducing intestinal microbial populations and thus reducing their rate of bile salt catabolism. Table 5 shows the serum Chol, HDL, LDL and TG contents of broilers fed diets containing various levels of Tau and DBA. At 21 d of age, Chol, TG and LDL were affected by Tau level in the diet (P <0.05). Birds that received 0.25 and 0.50% Tau had higher Chol concentration, those which received 0.25% Tau had higher TG concentration while those received 0.5% Tau had higher LDL concentration than those which received 0% Tau. There were no significant differences in the (HDL) among birds fed different levels of Tau at 21 d. At 42 d of age, only Chol and HDL concentration were affected by Tau levels, birds which received 0.25 or 0.50% Tau had higher Chol and HDL concentrations than 0.0% Tau. Several earlier studies showed that taurine supplementation had clear effect on reducing serum and liver cholesterol, triglycerides and atherosclerotic lipid accumulation (Matsushima et al., 2003; Militante & Lombardini, 2004) . These results are consistent with the findings of Shim (2010) who observed that Tau supplementation improved serum total cholesterol and triglyceride concentration of laying hens fed high fat diet. A recent study showed that 0.20% taurine supplementation increased the content of serum HDL, serum lipoprotein lipase and liver hepatic lipase activity (Zeng et al., 2011) abc Means with different superscripts within the same column are significantly different (P <0.05). Chol = cholesterol, TG = triglyceride, HDL= high-density lipoprotein, and LDL= low-density lipoprotein.
DBA supplementation of the diets had significantly increased serum components of Chol, TG, HDL and LDL concentrations at 21 and 42 d of age. These parameters were the highest for birds that received 0.50% DBA as compared to 0.0%. All parameters were similar between 0.25 and 0.50% DBA except for Chol at 21 d and Chol and HDL at 42 d, higher concentrations were reported in broilers fed 0.50% DBA. Previously, Hegsted et al. (1960) reported that the addition of cholic acid (an important component in the bile acid) to a diet containing 0.8% of cholesterol caused an increase in the serum cholesterol content of young chickens. Crespo & Esteve-Garcia, (2003) also observed that the total cholesterol content of tallow-fed broilers was higher as compared to those fed sunflower and linseed oils. It has been shown that higher serum cholesterol content increased bile secretion and thus increased the digestion and absorption of fat (Eastwood & Boyd, 1967) . The low bile acid secretion can limit the digestion and absorption of fats particularly those enriching long chain saturated fatty acids (Ketels, 1994) . The present results revealed that bile was higher in the small intestine; therefore, fat digestibility for 0.50% DBA was greater than that of the other treatments.
The effect of different levels of Tau and DBA on ileal digesta viscosity is given in Table 6 . The supplementation of Tau and DBA to broiler diets and their interaction did not affect ileal digesta viscosity at 21 and 42 d. Similarly, Maisonnier et al. (2003) indicated that the addition of bile salts in the diets did not affect the small intestinal supernatant viscosity. Previously, it was shown that the supplementation of dissected ox bile to broiler diets did not affect ilea digesta viscosity (Alzawqari & Nassiri, 2010) . Table 7 shows the effect of different levels of Tau and DBA on carcass dressed weight, relative immune organs (percentage of live body weight) and small intestinal length (cm) of male broiler chickens at 42 d of age. The supplementation of Tau or DBA in the diets did not affect carcass dressing, breast, thigh, abdominal fat percentages and small intestinal length of male broiler chickens at 42 d of age. However, small intestinal weight was reduced linearly as a result of DBA supplementation. Supplementation of the diets with Tau significantly increased bursa weights (P <0.05). There were no significant differences in the spleen and liver weight among birds fed diet supplemented with different levels of Tau at 42 d of age. The supplementation of DBA to broiler diets did not affect bursa, spleen at d 42 of age while it decreased liver weight. Wang et al. (2014) reported that the relative weights of the bursa of Fabricius were higher when 0.05% Tau was added to the diet as compared with the control. A similar result was found in a study of Schuller-Levis et al. (1990) , who reported that the relative weights of the thymus and bursa of Fabricius were increased due to dietary Tau and the absence of Tau could lead to a decrease in spleen weight. The bursa of Fabricius is a key lymphoid organ that is responsible for the development and maturation of Blymphocytes and Tau has a positive effect on immune responses (Li et al., 2007; Wang, 2001) . The stimulatory effect of the Tau on growth and development of the lymphoid organ may be good at enhancing immune function. 
Conclusion
The supplementation of Tau to broiler diets did not affect performance for the experimental periods. DBA increased FI at 0.25 and 0.50% while BWG and FCR were a function of the DBA level in the diet and noticeable improvements were obtained when 0.50% was used. Carcass characteristics were not affected by Tau or DBA supplementation. DBA supplementation decreased small intestinal weight linearly while Tau supplementation increased bursa weight. Fat digestibility was significantly affected by Tau and DBA supplementation. Increased DBA and Tau levels in the diet increased fat digestibility linearly at 42 d. The results of this study indicated that Tau had limited impact on performance and the improvements in fat digestibility and blood parameters were not reflected on performance while the supplementation of DBA at 0.50% had the best improvements in performance and blood characteristics and this could be explained in part by the increased fat digestibility.
